Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/GB05/001005 
International filing date: 15 March 2005 (15.03.2005) 

Document type: Certified copy of priority document 

Document details: Country/Office: GB 

Number: 0406120.6 

Filing date: 18 March 2004 (18.03.2004) 



Date of receipt at the International Bureau: 22 April 2005 (22.04.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 




6^' 



The. \ 



Office 



PCT/6B 2005 / 0 0 1 0 0 5 



CO 



INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
CardiffRoad 
Newport 
South Wales 
NPIO 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) of 
the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
ComptroUer-General, hereby certify that annexed hereto is a true copy of the documents as 
ongmally filed in connection with the patent application identified therein. 

I also certify that the application is now proceeding in the name as identified herein. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named in 
this certificate and any accompanying documents has re-registered under the Companies Act 1 980 
with the same name as that with which it was registered immediately before re-registration save 
for the substitution as, or inclusion as, the last part of the name of the words "pubUc Umited 
company" or their equivalents in Welsh, references to the name of the company m this certificate 
and any accompanying documents shall be treated as references to the name with which it is so 
re-registered. 



In accordance with the rules, the words "public limited company" may be replaced bv o 1 c olc 
P.L.C. or PLC. J i'- • K , . 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




Signed Z 



Dated 11 April 2005 



An Executive Agency of the Department of Trade and Ihdustrv 




Pate& 
I Office I 



4 i 



INVESTOR m PEDICLE 



GB 0406120.6 

By virtue of a direction given imder Section 30 of the Patents Act 1977. the application is proceeding in the name of: ' 

E2V TECHNOLOGIES (UK) LIMITED, 

1 06 Waterhouse Lane, 

CHELMSFORD, 

Essex, 

CMl 2QU, 

United Kingdom 

Incorporated in the United Kingdom, 
[ADP No. 08946873001] 



An Executive Agency of the Department of Trade and Industry 



18-MPR-2004 17! 33 p^Q^ REDD IE AMD GROSE 



^tents Form 1/77 



(Rule 16) 



THE PATElM 

Request for grant of a patent 

(See ihe notes anihahack if ihh form You can n^^io set 1 8 MAR 20Q4 

'^"•M-M . RECEiVEQMFAX 



OffiiGe 



TO 01633814444 



Fee? £0 



P. 01/42 



/ / / 



The Z^teDif Ortic& 

Cardiif Road 
Newport 

Gwent NP9 IRH 



1- Your reference 



iML/i?;)B:R/sp/47295,eBQl 



2, Pateat application jffumber 

/tasfe«^ Office WiUfiU in Ms pur 

3, Full name, address and postcode of the or of 
each applicant (underline att surnames} 



0406120.6 



'01/7700 0.gO--M06120.6 ME 



E2V Technologies t.4m"»fc<ail 
wacerhouse Lane « « „ 

Chelmsford 1 8 MAR 2l 

Essex \ )\f.ip ^ 



PatenteADP number fiTj^KWii; AO§^^8f^^=^5-fet~r ■ 



If the applicant is a corpofaie twdy, give the 
coimtry/statfi of inooiporadon 



EagiajfiLd amd Wales 



4- Title of the inyention 



Radiation Tolerant CCD Structure 



5* Pull name, address and postcode \jx the United 
Kingdom CO wlucti all correspoadence reladng 
(9 tihis fotffi and cranslation should tse 



Patents ADP munber (Vf Imow it) 



^> If you are declaring priority from one or more 
earlier parent applications, give the couACry 
and the date of filing of tiie or of each of these 
earlier applications and {if you know it) the or 
each application fttimber 



Keddie • & 'Gxdse 
16 Theobslgi? Road 

WCIX BFL 



91001 



Priflriry application 



Dabs ai riling 



If this application is divided or otherwise 
derived from an earlier UK appJicatioa* 
give the number and the filing date of 

the tiarlier application 



Number of earlier Applieacion 



Daie of filing". 



8. Is a statement of inventorship and of right 
to jgrant of a patent required in support of 
this request? (Ansmr Tfiff' if: 
a) any applicant turned in pan 3 is not an inventor, or 
h) there is an invent&r wk(> is noi mmed as m 

dippiicam^ or 
c) emy n&rn^ ^ppUctsm is a corporate body* 
See 9wte (d)) 



PatesRtB! Form 1/77 



lB-MflR-2004 1?!33 FT^OM REDDIE AND GROSE 
Patents Form 1/77 

ir. Enter the nunaher of sheets for my of the 
foUowitig Items you are fiUjUg with this fomi. 
Do not count ssopies of the same document, 

Coniiimadon &heec$ of tiiis form 

Description 

Claim fr> 

Abstract 



TO 01G33814444 



P. 02/42 



13 





lO, If you are also filing any of the following , 
state how nrniy ^Lgainst eatih item. 



Priority documents 

TransiadonB Of priority documents 

Statement of inventorship and right 
TO grant of a patent (Pateras Form 7/77} 

Request for pnenlnttiflaty examination 
and search (Patents Form 9/77} 

Request to&ubstaiidve exammation 
(Poienis Fom 10/77) 

Any other docurocirt^ 
specify) 



11. 


IPN^ yeqnesi the grant of a pi^iaat oa the basis of this appUcaiiott. 




Signature Daie 






12. Name ajod daytilJi^ telephone number of 


I M LOVELESS 


persoa to contact in the Unfied Kin^om 


020-7242 0901 



Warning 

After an appUcatlonfor a patem fias be^fil^. the Con^oaer of the Ftmm Office will consider wkahet publication or commmication of 

Znt^f/''"'ZTT ^f^^-f'^^^^rmcre. ^y^" ^^v^m th. Unit&imgacm. Section 2J afttSpa^smsAct 1977 srvZ you J^T 
f^plyms for a patent abroad WtThom first germg written permission fiom the Potent mle,^ an application has been ftUd at i^d 
^^^y^refutmi ,n the United mng^ for a patetufor tke :t^n.e invention antieHhTna direction proHiMti^pmc^^^ 
cammmicmton has been givm, or such direction has been revolts. * Htwfpa pr 



Notes 
a) 



d) 
J) 



If you a^ed hdp to Jill in thisfonn or you have any questions, please contact the Patent C^ce on 064S SOOSOS. 
Write your answers in capital letters using black ink oryan niny type tfiem. 

paperamtwnse see conttmiation sheet m ike talevam ptin(s). Anr continmdoa sheet shtmtd be altaehedlo this fom. 
If you imve answered 'Yes' Patents Form 7/77 m to be fileiL 
Once you have filled in fhefanti you must rementbsr to sign and date it. 
Far asimis of the fee ana wt^s topt^piease wmocr the Patent qgice. 



■i8-MfiR-2004 17:38 FROM REDD IE AND GROSE 



TO 01633814444 



P. 20/42 



1/3 




Electron Potential 11-11 

-_n — a 



4 


1 

< 

B 1 
1 








i i \ 




















\ 










\ 


















t 1 \ 
























p A 






H 


















i 1 _ \ 


















1 \ 


r — 








! \ 




! 
















k \ 








1 1 \ 








1 i 



14 



n 



Figure 1 



Figure 2 



|0Q9g2Q8 18r-Mar~04^:Qg^j4g: J 



1B-MRR-20B4 17:38 FROM REDD IE AND GROSE TO 01633814444 P. 21/42 



2/3 

20 




li^ fLn^Jl 

Figure 4 



I 

fe8208 18^M5f".04 05:4.13:: I | 



18-MfiR~2004 17! 38 FROM REDD IE AND GROSE TO 01633814444 P. 22/42 



3/3 



Potential 
depth 




Potential 
height of 
barrier 




Figure 6 



ie-MRR-2004 17.' 34 FRDM REDDIE AND GROSE 



TO 01S33B14444 



P.03>'42 



10 



j3UPLICATE 

Radiation Tolaarant CCD iStixuclaira 

This invention relates to a charge coupled device 
<CCD) , and in particular to a CCD which is tolerant to 
particular kinds of radiation. 

CCD's are used. in a variety of applications such 
as digital still and video cameras, astronomical 
imaging equipment, and barcode readers. A CCD is a 
light sensitive integrated circuit having an imaging 
plans oh which incident radiation from an imge ia 
allowed to fall. Photons from the image are converted 
into electrical charge in the image plane, and the 
spatial arrangement of the imaging plane is configured 
to have areas corresponding to pixels of a resulting 
IS image. The electrical charge formed is then clocked 
using an arrangement of electrodes Into processing 
cirouitJfy. In most applications, the electrical charge 
is processed so as to produce an image for display on a 
screen. 

For a CCD to have a useful charge transfer 
efficiency, it is necessary that it be built with a 
buried channel. As is known In the art/ the imaging 
plane in an n-channel CCD, in which the electric charge 
carriers are electrons, is typically formed using a p- 
25 type silicon wafer, doped with an impurity such as 

boron, with a shallow phosphorus implant, producing an 
n-type buried channel. Conversely, in a p-channel CCD 
the charge carriers are holes, and the imaging plane is 
formed using an n-type silicon wafer, often doped with ■ 
phosphorus, with a p-type buried channel produced by 
implantation of boron. 
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Problems with the operation of. the CCD may however 
occur i£ it is exposed to radiation consisting of 
particles^, such as protons or neutrons. This is a 
particularly likely problem for CCDs deployed in space. 
Irradiation of the silicon device with protons or 
neutrons may result in the ejection of silicon atoms 
from the lattice, forming vacancy / interstitial pairs. 
These have sufficient mobility in the lattice that some 
can form complexes with each other (e.g. vacancy - 
vacancy pairs) or with impurities such as boron, 
oxygen, carbon or phosphorus. 

In a CCD, if any of these complexes gives rise to 
an energy state near the middle of the silicon band- 
gap, carriers can be temporarily held in this localised 
state and be released after the remainder of the 
signal, with which it had been associated, has been 
transferred to another pixel. This is seen as a 
reduction in charge transfer efficiency (CTE) of the 
device, and the complex is known as a trap. 

A number of trap types can be generated, some 
being more troublesome than others, depending primarily 
on the probability of interaction and the time constant 
for carrier release at the temperature of device 
operation. For example, a vacancy - phosphorus complex 
25 (also known as an e-centre) is a well known trap which 
is responsible for a large proportion of the transfer 
efficiency loss in n-channel CCD's, p-channel CCD's 
have much less phosphorus and have been shown to suffer 
less CTE degradation by proton/neutron irradiation. 
However, all CCD's suffer some CTE degradation from a 
proton/neutron irradiation, which limits their 
applicability in such environmsnts . 
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A device structure has been developed, and is well 
known, which ameliorates degradation of th« CTE 
providing the signal is always very atfiall. However, 
for certain sizes of signal we have found that this 
device can actually result in the effect being worse, 
we havs appreciated therefore that there is a ne^d for 
an improved CCD design in which tmpairmant of the CTE 
due to proton or neutron radiation is limited over a 
wide range of signal sizes. 

The invention is defined in the independent claims 
to which reference should now be made. Advantageous 
features are set forth in the dependent claims. 
A CCD structure tolerant to the advej^se formation of 
traps resulting from SKposuxe to irradiation by 
15 particles such as protons and neutrons is therefore 

provided by the invention. The path defining structures 
24, such as barrier implants, define a principal 
electron flow path through the channels of the CCD, and 
define a niiinber of secondary paths, which converge on 
the principal path. The paths ensure that signal charge 
generated across the entire width of the channel is 
collected together into regions of smaller area so that 
the likelihood of interaction with traps is reduced, 
and charge containment is maintained near the optimum 
for all signal levels up to the fall well. 

A preferred embodiment of the invention will be 
described in more detail, by way of example, and with 
reference to the drawings in which: 

Figure 1 is an illustration of a known CCD 
structure developed to limit radiation induced 
degradation of the CTE; 
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Figure 2 is an illustration of the electron 
potential across the channels of the CCD shown in 
Figure 1; 

E*igxure 3 is an illustration of the preferred 
S embodiment of the invention/ 

Figure 4 is an Illustration of tiio electron 
potential across the channels of the CCD in the 
preferred embodiment; 

Figure S is an illustration showing notch 
10 profiles; and 

Figure 6 is an illustration showing barrier 
profiles. 

The image plane of a known CCD 2 is shown in 
Figure 1 to which reference should now be made. In an 

15 n-channei device, electrons are constrained to move 
within a number of parallel transfer channels 4 by 
column isolation structures 6. ^The column isolation 
structures are formed by doping the silicon wafer so 
that a potential barrier is formed in the appropriate 

20 location to define a channel wall. The electron 

potentials corresponding to the channel walls are shown 
in Figure 2 schematically as a periodic series of 
peaks . 

The movement of the electrons in the channels is 
25 produced by appropriate clocking of the potential on a 
series of polysilicon electrodes S. In Figure 1, the 
direction of transfer of the electron charge packets is 
taken to be down the page. 

Damage to the silicon lattice by protons or 
neutrons or other damaging particles gives rise to an 
increase in the density of traps in the transfer path 
of the channel. The consequencs of this is a 
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degradation of electron transfer efficiency. As 
mentioned above/ this is well known, particularly In 
the provision of CCD' s for space applications where 
proton irradiation is frequently enaountered. 
S Channels 10 and 12 respectively show two known 

structures, developed particularly for X-ray imaging 
spectroscopy applications, designed to limit the 
adverse effect of trap production in the channel. A 
narrow additional Channel 14, 16 ±s provided within the 
10 cnain transfer channels 10, 12. ab shown in channel 10, 
this can be produced by additional buried channel 
doping of phosphorus atoms, or, as shown in channel 13, 
by partial compensation of buried channel doping, 
through counter doping with boron. The corresponding 
15 graphs Of electron potential are shown schematically in 
Figura 2 for both of these channels, taken along line 
II-II of Figure 1. 

The narrow channel 14, 1€ produced in this way is 
known variously as a notch, supplementary buried 
channel or mini-channel, but for convenionce in this 
document, shall be referred to solely as a notch. The 
notch constrains small charge packets to a reduced 
volume of silicon while being transferred, reducing the 
probability of coming into contact with traps. This 
structure does, however, reduce the charge handling 
capacity. The defined width of notch is usually about 
3 to 4 pm and the improvement resulting from its 
inclusion relates to the ratio of the main channel 
width to that of the notch. it therefore gives greater 
benefit in a wide {e.g. greater than as^im wide say) 
main channel. A notch typically has a depth defined by 
a potential of about 2V. 
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The scheme describfed ha© been demonstratad to be 
very effective for the small charge packets which aro 
typical of X-ray imaging apeotrosoopy. However, when 
applied to images with a greater dynamic range, the 
5 charge packet can be too great to be accommodated in 
the narrow channel 14, 16. . When this occurs and the 
channel overfills, the consequent re-distribution of 
charge in the area outside the notch results in 
observed CTE, which is at least as low as would have 
been the case if no notch had been employed. Analysis 
indicates that there is a consequent reduction in 
charge transfer efficiency to a level lower than would 
have been the case without the notch. This effect 
would be particularly acute for devices with a wide 
15 main channel i.e. those which gained most benefit from 
the presence of the notch while signal levels were 
small . 

A preferred embodiment of the invention will now 
be dsscribad with reference to figure 3. Figure 3 
20 shows a preferred CCD 20 having a parallel channel 
transfer arrangement 22 forming an image plane. The 
structure and operation of this device is similar to 
that shown in Figure 1. Light radiation incident on 
the image plane results in the production of signal 
25 electrons, which are clocked via polysilicon electrons 
a towards processing circuitry down the page. The 
processing circuitry is not shown. Any protons or 
neutrons incident on the image plane may result in 
traps being formed in the channels, thereby lowering 
the charge transfer efficiency of the device. 

In order to alleviate this problem, the preferred 
embodiment comprises barrier implant regions 24 to - 
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define a number of electron flow paths, whLc^h. both 
constrain the charge to a-smallsr channel area and 
guide the movement of charge through the channel, it 
will be appreciated that the implant regions may be 
implemented 3uch that either potential barriers or 
potential wells are formed in the channel. The 
preferred shape of these potentials will be described 
in more detail later. 

Two different topographies of path-defining 
structures, in this case barrier implants, will be 
described. One is shown schematically in channel 25 of 
the CCD, and the other is shown schematically in 
channel 28. The corresponding graphs of electron 
potential are shown scheiaatically in Figure 4 for both 
of .these channels, taken along line IV- IV of Figure 2. 
In practice, each channel of the CCD is preferalDiy 
provided with one of the two topographies. 

The first preferred barrier implant topography, 
shown in column 26, comprises first and second barrier 
implants extending substantially symmetrica lly from 
either side of the channel. Before they reach the 
centre of the channel however, they turn and continue 
parallel to the channel sides for the length of several 
electrodes before terminating. A narrow notch-like 
path 30 ie therefore defined between the two parallel 
sections 32 and 34, similar to the notch shown in 
channels 10 and 12 in Figure 1. Signal electrons from 
the entire width of the channel are collected and fed 
into the notch-like path 30 by means of the angled 
sections 36 and 38 which cause tapering of the 
effective channel width just before the notch. 
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Further along the channel 2 6 in the direction in 
which the signal electron3 are clocked is a 
substantially identical barrier implant structure 
comprising opposing parallel sections 42 atid 44 
5 defining a notch-like path 40^ and angled sections 4 6 
and 48 which define a taper in the channel width 
leading into the notch-like path* The signal electrons 
output from the end of the firat notch-like path 30 are 
fed directly into the tapering section at the opening 
10 of the second notch-like path 40. The signal charge ia 
therefore constrained to move down a narrow path in the 
centre of the channel^ much like in the known prior art 
arrangement. This notch-like path 30 and 40 forms the 
principal path for charge flow through the channel. 
15 Additionally however, signal electrons that are 

produced outside of the narrow notch-like path 30, that 
is between the parallel sections 32 and 34" and the 
channel walls, will be collected together by the angled 
sections 4 6 and 48 and fed into the second notch-like 
20 path 40. These regions therefore form secondary 

electron flow paths which converging on th^a principal 
path. Thus, signal charge from the whole channel width 
is successively collected together and caused to flow 
in a narrow path in the centre of the channels reducing 
25 the likelihood of interaction with any traps formed in 
the silicon lattice, 

A second preferred barrier implant topography is 
shown in channel 28 of Figure 3. Instead of a central 
path, this topography relies on collecting the signal 
30 electrons into a notch-like path 50 adjacent the 

channel wall 6. The path 50 forms the principal path 
through the channel . 



8 



lB-mR~2004 17S36 FROM REDD IE AND GROSE 



TO 01633814444 



P. 11/42 



IKxi angled barrier implant 52 therefore ^aitemds 
from one wall of the channel, across the greater part 
of the channel width before extending^ as section 54, 
parallel to the channel wall 6, This topography ^ is 
6 repeated further along the channel in the di^-ebtion of 
movement of ths signal electrons in angled barrier 
implant 56^ and parallel barrier implant 58* A 
continuous^ parallel barrier implant 60 is also formed 
directly adjacent the channel wall. This is optional, 
10 but its inclusion results in a symmetric potential 
profile of the resulting notoh-like path which makes 
the operation of the device easier to predict. 

Additional barrier implants are also provided to 
divide the channel area between the parallel barrier 
15 implant and the furthest channel wall, that is the wall 
not adjacent the parallel barrier implant 60, into a 
plurality of secondary electron flow paths. Theae 
implants take the form of secondary angl^^d sections 62, 
56, 70 and secondary parallel sections 64, 72 which 

20 respectively, define a path between themselves and the 
first angled 52, 56 and parallel sections 54, 58, and 
between themselves and the channel wall 6. 

Signal charge in the path furthest from the notch- 
like path 50 and adjacent the channel wall, is quickly 
25 directed into the secondary path formed between the 

barrier implants 54, 62, which in turn is then directed 
into the principal notch-like path 50, The converging 
branching structure of this barrier topography means 
that charge from the entire width of the channel is 
JO collected more guickiy and shunted into paths of narrow 
width where the electron density is increased. 
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The first barrier topography shown in channel 26 
is similar to that shown in channel 16 except that it 
results in less reduction of well capacity. It does 
not however constrain the charge to as small an area as 

5 the structure of channel 28, when the notch over- 
filled. It will be appreciated that the ideal transfer 
channel for resistance to proton radiation damage 
should constrain the charge to the minimum possible 
volume for all charge levels ^ and that the channel 28 

10 structure is a step approximation to that. 

It is understood that where a constriction exists 
in a transfer channel, a tendency exista for a 
retarding potential to be generated- In the detail of 
the tapering of channels, the tapering is preferably 

15 achieved as a series of small tapers, placed in the 

high transfer field region where two adjacent transfer 
electrodes are close to each other, as understood in 
the art . 

The preferred barrier implant topography therefore 
20 defines a number of transfers in straight channels or. 
paths before the junction structure, at which any 
charge which has been collected across the width of the 
inain channel is added in to the narrower channels. At 
higher signal levels, excess charge will spill from the 
25 -narrowest channel into the next channel. At still 
higher signal levels the charge wiii also spill fpom 
the second channel into the third, but is not eKpected 
that these spilling processes will reduce transfer 
efficiency. 

30 The lengths of the straight portions of channel 

will require different optimisatian for different 
applications, but are likely to be around 100 transfer 

10 



18-MflR-2004 17: 36 FROM REDD IE AND GROSE 



TO 01633814444 



P. 13/42 



elements. The n-amber of channels CDuld be increased 
above the three shown in coliamn 26 and 28. 

It will also be appreciated that although. Figure 
3 shows only two path defining structures in each 
5 channel^ the path defining structures are preferably 
repeated along the entire length of the channel- 

Similar structures can be included in the serial 
transfer channel but^ in this case^ a series of 
parallel notches would suffice since, when charge is 
10 transferred into the serial register, it will spill to 
fill an appropriate number of notches and no more 
charge will be added. This results charge being 
constrained to the minimum channel width required to 
transfer the charge. Of course, as with both serial and 
15 parallel transfer registers, it will be understood that 
the amount of charge that can be carried by a notch is 
a function of the width of the notch and the depth. 

Additionally, although only in the embodiments 
described the channel width has been divided into 
20 approximately three adjacent channels^ it might be 

advantageous to provide a much greater number, as many 
as can realistically be accommodated^ in order to 
obtain a closer step approximation to the case where 
the minimum channel area is used. 
25 Although^ the preferred embodiment has bean 

described with reference to a number of compensating 
barrier implants similar to tho^sfe- in channel 16 of 
Figure 1^ it should be noted that a structure with 
similar functionality could be built using additional 
30 buried channel implants^ similar. to that in channel 14 
of Figure 1. 
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The shape of the potential well or potential 

barrier used to form the notch ±B preferably optimissd 

to further reduce the effect of traps on the CTE in the 
device. Figure 5 schematically shows the electron 
5 potetitia.! profile of notches of different widths. As 
shown, it will be appreciated that the potential 
profile of a notch has sloping ^ sides ^ as a result of 
fringing fields in the silicon. As a result r the 
potential depth Of th^ notch is defined by the 
10 implantation dose, provided the width of the notch is 
sufficient for a region to remain which is 
substantially not affected by fringing fields. Further 
reductibn of the defined width of the notch can lead to 
a reduction of depth, as shown. This is undesirable 
15 since, perturbations in the width of the notch result 
in perturbations in depth, which will impede charge 
transfer - 

However, a V-Bhaped potential profile ensures that 
whatever charge level is contained in the notch, is 

20 contained in a minimum volume, at the narrow region of 
the V. The preferred width of the notch used in the 
preferred embodiment is, therefore, that width for 
which the notch just maintains full depth, as shown in 
b) of Figure 5. 

25 Conventional notches are typically implemented 

with a potential depth of approximately 2V^ which is 
high enough to limit thermal emission of carriers from 
the notch but low enough to minimise charge capacity 
losses- For this potential depths the preferred width 

30 is therefore in the region of 3 to 4]xm. 

For the structure of the preferred embodiment, 
there is however r greater freedom in the design of the 

12 
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notch, since its presence causes less degradation of 
well capacity- if "the notches are formed by 
compensating barrier implants then it is prefe^fed if 
the barrier separating the notches may be mad© higher 
than usual, which would allow th«s notch to be made 
wider but maintain a V shape and hence mastimum charge 
density storage for the increased charge capacity. 

Figure 6 shows schematically the electron 
potential profile of potential barrier^, with reference 
to Figure 6, it will be appreciated that the shape and 
height of the barrier is also affected by fringing 
fields. Thia allows the defined width of the barrier 
to be optimised for the intended height, in the same 
way as described above. 

The heights, widths and numbers of barriers or' 
notches will require individual optimisation for 
particular applications, trading efficiency in 
protecting against CTE degradation against control of 
charge handling capability. The best length of 
straight sections of notch between junction structures 
will, for example, depend on the operating temperature 
and transfer speed. 

It will be appreciated that a number of 
modifications to the preferred embodiment may be made. 
One such example is the inclusion of an anti-blooming 
structure 74. In the barrier implant topography of 
column 28, this would take the form of an additional 
implant preferably located adjacent the channel wall 
opposite the principal notch-like channels 
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1. A charge coupled device having a charge transfer 
channel, the channel comprising a plurality of path- 

5 defining structure© defining a principal path for the 
movement of charge through the dhanrtel^ and a pl-urality 
of secondary paths converging on the- principal path^ 
such that in use signal charge generated across the 
entire width of the channel is fed into the principal 
.10 path from the secondary paths. 

2. A CCD imager of the type having an image area in 
which charge is generated and clocked to an output, 
comprising an image area divided into a plurality of 

15 channels by channel edges, at least some of the 
channels being further divided by path defining 
structures to create at least a principal path and one 
or more secondary paths; the principal and one or more 
secondary paths being arranged such that charge 

20 overflowing from the principal path is retained within 
the one or more secondary paths before the channel 
edges » 

3. A CCD imager according to claim 2r wherein the 
25 secondary paths are arranged to converge on the 

principal path, 

4. A charge coupled device according to any of claims 
1 to 3, wherein the principal path is defined at one 

30 side of the channel. 
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5. A Charge coupled device according fco any of claims 
1 to 3^ wherein^ the principal path is defined in the 
middle of tho channel* 

S 6. A charge coupled device a-ocording to any pr^c^ding 
claixur whsrein the width of the channel is divided into 
the principal path and two or mor^ secondary paths- 

7 . A charge coupled device according to any preceding 
10 claim wherein the path defining means allow signal 
charge above a predeterinined amount to spill from 
either the principal path or a secondaxy path into the 
adjacent secondary path, 

15 8. A charge coupled device according to any preceding 
claim comprising an anti-blooinlng structure disposed 
adjacent the channel edge in a path other than the 
principal path, 

20 9. A charge coupled device according to any preceding 
clatim wherein the path defining mean3 comprise 
compensating barrier implants . 

10. A charge coupled device according to any preceding 
25 claim wherein the path defining means comprise 
additional buried channel implants . 

11 • A charge coupled device according to claim 9 or 
10, wherein the path has a V-^shaped potential profile, 

3D 
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12. A CCD comprising a channel far transfer ring 
charge, the channel comprising & plurality of path 
defining structures to create at least a principal path 
through the channel and one or more secondary .paths 
across the channel width? the principal and one or more 
secondary paths being arranged such that charge 
spilling from the principal path fills the adjacent 
secondary paths in turn such that the minimum width of 
the channel is used to transfer the charge. 

13. A CCD according to claim 12, wherein the channel 
is formed in a serial register. 

14 . A charge coupled device substantially as described 
herein and with reference to Figures 3 to 5 of the 
drawings . 
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<Fig 3) 
ABSTRACT 

Radiatiott Tolerant CCD Staroptisape 

5 A CCD structure 20 tolerant to the • aciverse 

formation of traps resulting from enposuro to 
irradiation by particles such as protona and neutrons 
is described. 

The CCD comprises an image plane 22 having a 

10 number of parallel transfer channels, Path dof lining 
structures 24, such as barrier implants, define a 
principal electron flow path throxigh the channel, and 
define a number o£ secondary paths which converge on ^ 
the principal path. The paths ensure that signal charge 

15 generated across the entire width of th^ channel is 

collected together into region?? pf smaller area so that 
the likelihood of interaction with traps is reduced, 
and charge containment is maintained near the optimum 
for all signal levels up to the full well. 
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